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Noting that is a Markov chain, we
can express the probability in (7) as
(12)
where the above functions are deﬁned as
number of elements in the set
(13)
(14)
Upon taking into account the one-step transition probability
of the Markov chain, we have
RHS of (12)
(15)
where the one-step transition probability is denoted by
(16)
The one-step transition probabilities for the NSI and PSI cases
are derived in the Appendix. Comparing (12) and (15), we
arrive at a recursive equation for
(17)
(18)
Finally, we obtain the desired probability of multiple correct
packet reception by solving the above equation
recursively, since
(19)
In Fig. 1, we provided the pseudocode of the algorithm,
, proposed for solving the recursive equation. This
algorithm sequentially produces , , , .
Noting that the set involved in the algorithm is now shifted
from to and comparing the size of the two sets, we
can see that the computational complexity of the algorithm
is substantially reduced. In order to quantify the reduction in
computational complexity achieved by our proposed method
Fig. 1. Algorithm REQN for solving the recursive equation.
in comparison to the technique advocated in [2], we compare
the number of nested iterations involved in both methods of
evaluating the probability of multiple correct packet reception.
From (6) and (7) and Fig. 1, the number of iterations involved
in our method, , can be shown to be
(20)
where is deﬁned in (10) and and for the NSI and
the PSI scenarios, respectively. On the other hand, from [2,
eqs. (3) and (17)], we can see that the number of iterations
involved in the previous proposed method, namely ,i s
given by
(21)
In Fig. 2, we compare the number of iterations involved in
both methods with increasing number of users for both the
NSI and PSI scenarios using (32,16) RS coding. Note that the
parameters , , and are irrelevant to the computational
complexity. From the curves, we can see that the reduction of
computational complexity, when using our proposed method,
becomes very substantial as the number of users increases.
IV. NUMERICAL RESULTS
From our simulations, we found that approximately 1
10 iterations can be carried out at the time of writing within
the CPU time of 24 h using state-of-the-art Pentium personal
computers. Hence, in the following numerical analysis, we set
the computational limit of 24 h on the CPU time. With this
limitation imposed, the numerical evaluation of the correct
packet reception probability is conﬁned to users for
the NSI case and to for the PSI case, as evidenced by1230 IEEE TRANSACTIONS ON COMMUNICATIONS, VOL. 47, NO. 8, AUGUST 1999
Fig. 2. Comparison of the computational complexity between our proposed
method and the previous method [2] in terms of the number of nested iterations
with increasing number of users k for both NSI and PSI cases with (32,16)
RS coding.
Fig. 2. In this context, we note that the numerical evaluations
in [2] were limited to users for the NSI case and to
for the PSI case for reasons which become explicit
in Fig. 2, and that the numerical results according to [2], as
expected, coincided with our results.
In Figs. 3 and 4 we present numerical results of our analysis
for the NSI and the PSI scenarios, respectively. Upon varying
the available number of frequency slots , the curves in Figs. 3
and 4 represent situations where the network load is light
( for the NSI case and for the PSI case),
medium ( for the NSI case and for the PSI
case), and heavy ( for the NSI case and for
the PSI case). Due to numerical precision limitations and due
to the resultant buildup of round-off errors, numerical results
below 1 10 became less reliable and thus they were
dropped from the ﬁgures. The dotted curves in the ﬁgures show
the results obtained according to the independent receiver
operation assumption (IROA) [2], [3]. We can see that the
relative error expressed in percent tends to increase as the
probability reduces.
As a measure of estimating the accuracy of the IROA
approximation, we introduced the expected absolute error
(EAE), deﬁned as
(22)
The EAE values expressed in terms of percent for the results
shown in Fig. 3 were 0.70, 18.21, and 0.12 for the cases of
, and , respectively, and those for Fig. 4 were
0.011, 4.1, and 0.0055 for the cases of , and ,
respectively. Judging from the EAE values, we can see that
Fig. 3. The probability P(m; k ￿mjL) of correctly receiving m out of k
arbitrarily selected packets when transmitting L simultaneous packets for the
NSI case with L =1 0 , k =1 0 , for q =8 0 ;29, and 14 frequency slots and
for a modem symbol error rate of PN =1￿ 10￿3, and (32;16)RS coding.
Fig. 4. The probability P(m;k ￿ mjL) of correctly receiving m out of k
arbitrarily selected packets, when transmitting L simultaneous packets for the
PSI case with L =1 0 , k =6 , for q =3 0 ;13, and 7 frequency slots and for
a modem symbol error rate of PN =1￿ 10￿3, and (32;16)RS coding.
the IROA approximation gives reasonable results under most
network load conditions, although it becomes less accurate
under the medium load condition.
V. CONCLUSIONS
In this paper, we presented a computationally efﬁcient
method of evaluating the probability of multiple correct packet
receptions in coded synchronous FHSS networks. We used the